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POLYESTER CONJUGATE FIBER 

PROBLEM TO BE SOLVED: To obtain a polyester conjugate fiber capable of giving a 
cloth which can express adequate degree of crimp shrinkage by a heat treatment, and has 
soft and bulky feeling while keeping smooth surface property, and useful for the usage of 
an outer wear an inner, a sportswear or the like free from stretching feeling on elbows and 
knees when they are bent and having good wearability. 

SOLUTION: In side-by-side polyester conjugate fiber consisting of a first component and a 
second component, the first component is a polytrim ethylene terephthalate polymer 
having the intrinsic viscosity of 0.4-1 .0, and the second component is a polyester 
polymer whose melt viscosity is higher than that of the first component by 200-500 poise. 
The both components are closely adhered to each other over the whole length of the fiber, 
and are arranged in a parallel or eccentric state. 
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Applicant: Asahi Chemical Co., Ltd., 1-2-6 Doshima 
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(54) [Title of the Invention] POLYESTER -TYPE CONJUGATE 
FIBER 

(57) [Abstract] 
[Object] 

A polyester- type conjugate fiber is provided which can 
produce a fabric that becomes adequately crimpy and 
shrinkable upon heat treatment and feels soft and fluffy 
while maintaining surface smoothness. Such a fabric is 
comfortably wearable because it is unlikely to give a stiff 
texture to the wearer bending his or her elbows and knees, 
or spreading his or her arms. This conjugate fiber is 
suitably useful for outerwear, backing, sportswear and the 
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like . 

[ Solving Means ] 

A polyester-type conjugate fiber is composed of a 
first component and a second component, both of which are 
placed in side-by-side formation. The first component 
comprises a polytrimethylehe terephthalate resin having an 
intrinsic viscosity try] of 0.4 to 1.0, and the second 
component comprises a polyester resin having a higher 
melting viscosity by 200 to 500 poises than that of the 
first component, the two components having been mutually 
bonded and arranged in alignment or eccentrically and 
throughout the length of the fiber. 
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[Claims] 

[Claim 1] A polyester- type conjugate fiber comprising 
a first component and a second component, both of which are 
placed in side-by- side formation, wherein said first 
component comprises a polytrimethylene terephthalate polymer 
having an intrinsic viscosity [r]] of G.4 to 1.0, and said 
second component comprises a polyester polymer having a 
melting viscosity by 200 to 500 poises than that of said 
first component, said first and second components having 
been mutually bonded and arranged in alignment or 
eccentrically and throughout the length of said fiber. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

This invention relates to a polyester- type conjugate 
fiber. More particularly, the invention relates to a 
polyester- type conjugate fiber of a side-by- side structure 
that is appropriately crimpy and shrinkable upon heat 
treatment and is highly dyeable. 

[0002] 

[Description of the Related Art] 

In the formation of a crimped yarn, a technique has 
heretofore been accepted in which two different polymers of 
varied shrinking properties or varied melting viscosities 
are brought into mutually bonded relation throughout the 
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length of the yarn, subjected to composite spinning in an 
eccentric or aligned state and then stretched, followed by 
heat treatment in relaxed condition. A polyester- type 
conjugate fiber in particular is advantageous in that it is 
greatly mechanically strong, greatly stable to heat and 
sufficiently wash-and-wear, and due to its inherent capacity 
to crimp, is free from postforming such as tentative 
twisting for crimping development . 
[0003] 

As the polyester- type conjugate fiber mentioned above, 
there has been proposed a conjugate fiber composed of two 
polyethylene terephthalate polymers with their respective 
different degrees of polymerization, or a conjugate fiber 
composed of a polyethylene terephthalate homopolymer and a 
polyester copolymer. A crimped fiber derived from such a 
conjugate fiber by composite spinning may be utilized, after 
being so heat-treated as to develop crimping, for a bulky 
yarn or for a bulky fabric with a smooth surface. To this 
end, the conjugate fiber should have proper crimp counts as 
well as adequate crimping development and crimp retention. 
More specifically, when a stretched yarn is crimped into a 
bulky one, followed by processing of the same into a knitted 
or woven fabric, this crimping is required to be made highly 
stable even in the influence of tensions exerted during 
knitting or weaving operation. In the instance where 
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subsequently to weaving of a stretched yarn, the resulting 
fabric is crimped into a bulky one, this crimping should be 
developed at such a high level as to surpass those tensions 
which would be applied to the yarn in the fabric structure. 
[0004] 

However, serious problems are experienced in the 
fabrics formed from these conventional conjugate fibers. 
One such problem is that though bulky, the fabric is less 
stretchable and less elastically recoverable. Another 
problem is that despite high stretching, the fabric is of a 
grained surface and hence devoid of smoothness. As still 
another problem, the fabric is too rigid and hence stiff in 
texture . 

[0005] 

To cope with these drawbacks, a conjugate fiber of a 
side -by- side structure composed of a polytrimethylene 
terephthalate polymer and a polyethylene terephthalate 
polymer may be taken into account as disclosed in Japanese 
Examined Patent Application Publication No. 43-19108. 
Because this conjugate fiber uses a high-molecular 
polytrimethylene terephthalate polymer as a highly 
shrinkable component, the resultant fabric is too rigid and 
hence stiff in texture. Another disclosure of the 
publication cited here indicates that solid phase 
polymerization can be performed to increase the molecular 



- 6 - 



weight, hence the intrinsic viscosity, of the 
polytrimethylene terephthalate polymer. But such a process 
for polymerization is rather uneconomical since the starting 
materials are extremely expensive. 
[0006] 

In Japanese Unexamined Patent Application Publication 
No. 52-128420, a conjugate fiber of a side-by-side structure 
is disclosed which is derived from combination of a 
polybutylene terephthalate polymer, namely a non-elastic 
polyester polymer, with a polyether ester polymer, namely an 
elastic polymer. However, the fabric obtained from such a 
conjugate fiber is appreciably poor in dry cleaning fastness 
when dyed with a disperse dye so that it is unsuitable for 
use in outerwear and backing. 

[0007] 

[Problems to be Solved by the Invention] 
An objective underlying the present invention is to 
provide a polyester- type conjugate fiber that can offer 
significant advantages for clothing. This conjugate fiber 
produces clothes giving to the wearer a soft fluffy texture 
while maintaining surface smoothness. With a stretch of 
about 10%, the resultant fabric is markedly comfortable to 
wear, highly dyeable with a disperse dye and practically 
fast to dry cleaning. 
[0008] 
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[Means for Solving the Problems] 

In an effort to solve the foregoing problems of the 
conventional art, the present inventors conducted intensive 
researches and have now found inventive concepts leading to 
this invention. Namely, it is of utmost importance that one 
of two constituent polymers should be elastic in nature, and 
two components of suitable different viscosities should be 
in selective combination in obtaining a conjugate fiber 
capable of developing adequate crimping and shrinking upon 
heat treatment . 

[0009] 

According to the present invention, there is provided 
a polyester-type conjugate fiber comprising a first 
component and a second component, both of which are placed 
in side-by-side formation, wherein the first component 
comprises a polytrimethylene terephthalate polymer having an 
intrinsic viscosity [ti] of 0.4 to 1.0, and the second 
component comprises a polyester polymer having a higher 
melting viscosity by 200 to 500 poises than that of the 
first component, the first and second components having been 
mutually bonded and arranged in alignment or eccentrically 
and throughout the length of the fiber. 

[0010] 

The polytrimethylene terephthalate polymer used as a 
first component in the present invention has an elastic 
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modulus Q (g/d) and an elastic recovery R (%), respectively, 
in the range expressed by the following equation. As is 
generally known, observance of this equation provides a 
polyester- type conjugate fiber that is sufficiently soft and 
elastic and highly dyeable and fast to dyeing. 

0.2 ^ Q/R ^ 0.45 

In the case of use, as one of the two constituent 
polymers, of the polytrimethylene terephthalate polymer 
having the elastic properties specified above, it has been 
found that the resulting fabric of a side-by- side structure 
can be rendered stretchable at a level of about 10% even in 
clothes subject to functional restraint. In fact, this 
fabric is less crimpy and less shrinkable than a 
conventional fabric of a side-by- side structure in which 
crimping and shrinking are obtainable with reliance upon a 
large difference in shrink between the two components. 

[0011] 

The polytrimethylene terephthalate polymer eligible 
for the present invention is one derivable substantially by 
polycondensation of terephthalic acid with 1 , 3-propanediol . 
Here, the term " substantially" denotes that the 
polytrimethylene terephthalate polymer may be either 
homopolymeric or copolymeric. To be more specific, certain 
additional components may be copolymerized unless the 
effects of this invention are adversely affected. These 
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additional components include acid components such as 
isophthalic acid, succinic acid, adipic acid, 2,6- 
naphthalene dicarboxylate , tetrabutyl phosphonium salt of 5- 
sulf oisophthalic acid, etc., glycol components such as 1,4- 
butanediol, 1 , 6-hexanediol , cyclohexane dimethanol, etc., e- 
caprolact one, 4 -hydroxy benzoate, polyoxyethylene glycol, 
polytetramethylene glycol, etc. Each such component may be 
added in an amount of less than 10% by weight. 
[0012] 

Various other additives may be copolymerized or 
admixed, where desired, which are selected for example from 
among delusterants , heat stabilizers, def oamers , leveling 
agents, flame retardants, antioxidants, ultraviolet 
absorbers, infrared absorbers, crystal nucleators and 
fluorescent brighteners . The polytrimethylene terephthalate 
polymer according to this invention has an intrinsic 
viscosity [r]] in the range of 0.4 to 1.0, preferably 0.5 to 
0.8, more preferably 0.6 to 0.7. The intrinsic viscosity in 
this range provides the polymer having a melting viscosity 
in the range of 100 to 300 poises (P) . Consequently, the 
low-viscosity polytrimethylene terephthalate polymer is 
allowed to wrap therein a high-viscosity second component to 
be described later so that adequate crimping and shrinking 
can be developed. If the intrinsic viscosity is less than 
0.4, the resulting polymer becomes too low in molecular 
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weight, thus making it difficult to attain mechanical 
strength as desired. Conversely, similar viscosities of 
more than 1.0 cause low flowability, which means that the 
low-viscosity polytrimethylene terephthalate polymer fails 
to behave satisfactorily and hence invites poor crimping and 
shrinking. 

[0013] 

To obtain a soft fluffy fabric having a smooth surface, 
adequate crimping and shrinking need to be developed 
depending on the difference in viscosity between the first 
and second polymer components. In the present invention, 
the viscosity difference ranges from 200 to 500 P, 
preferably 250 to 450 P, more preferably 300 to 400 P. This 
specific range ensures that crimping and shrinking can be 
developed as desired. Viscosity differences smaller than 
200 P are ineffective for crimping development, whereas 
similar differences greater than 500 P are responsible for 
working inconvenience. That is to say, a kneeing phenomenon 
occurs at a discharge orifice while two components of 
different viscosities are being spun by composite spinning. 
In that phenomenon, spun yarn gets kneed toward a high- 
melting viscosity side at a position directly beneath the 
discharge orifice during the composite spinning. 
[0014] 

The polyester polymer used as a second component in 
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the present invention is chosen from polyester-type polymers 
such as polyethylene terephthalate , polybutylene 
terephthalate, polytrimethylene terephthalate and 
polytetramethylene terephthalate, and their copolymers. 
These polymers and copolymers may be mixed, when needed, 
with various other additives such as antistatic agents, 
flame retardants, heat stabilizers, weathering agents, 
titanium oxide, etc. 
[0015] 

In the polyester- type conjugate fiber according to the 
present invention, the first and second polymer components 
should necessarily be bonded to and arranged with each other 
throughout the length of the fiber. No particular 
restriction is imposed upon the positioning of the two 
components. Desirably, however, they are arranged in such a 
posture that the low-viscosity first component, i.e., the 
polytrimethylene terephthalate polymer, wraps therein the 
high-viscosity second component, i.e., the polyester polymer. 
When the fiber thus formed is taken in cross section, the 
low-viscosity first component is viewed as having wrapped in 
a crescent shape the high-viscosity second component. This 
specific arrangement can impart adequate crimping and 
shrinking to the fiber. 

[0016] 

The polyester- type conjugate fiber according to the 
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present invention can be produced by the use of a known 
composite spinning process designed to extrude through a 
common spinning nozzle two polyester components of varied 
intrinsic viscosities such that they are mutually bonded and 
arranged throughout the length of the fiber. To this end, 
the two components are permitted to extrude in an equivalent 
ratio or in respective selective ratios. The first 
component to second component ratio is set preferably within 
the range of 30 to 70 : 70 to 30, more preferably, 40 to 
60 : 60 to 40. If the polytrimethylene terephtalate 
component is more than 70%, improved crimping is obtainable 
but with reduced strength of the finished fiber as a whole. 
When this component is less than 30%, crimping is 
insufficient. 
[0017] 

In the composite spinning of two components having 
different melting viscosities, a kneeing phenomenon would 
take place in which spun yarn gets kneed toward a high- 
melting viscosity side at a position directly beneath a 
discharge orifice. Not only does this phenomenon impair the 
quality of the yarn and obstruct spinning operation, but 
sometimes allows the yarn to become adherent to a spinneret 
and eventually interrupts production. In order to prevent 
kneeing, some improvements have been made with regard to 
spinneret assemblies. For instance, British Patent No. 
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965,729 discloses that a polymer can be discharged 
perpendicularly to a spinneret with a spinning nozzle 
previously bent in a direction opposed to that of kneeing. 
This mode of spinning is satisfactorily applicable to the 
practice of this invention. 
[0018] 

The polyester- type conjugate fiber of the present 
invention is capable of developing adequate crimping and 
shrinking even upon heat treatment under pressure. This 
conjugate fiber provides a fabric for use in ordinary woven 
or knitted clothes, which fabric gives to the wearer a soft 
fluffy feeling while maintaining surface smoothness and 
further exhibits a stretch of about 10%. The fabric is also 
dyeable with disperse dyes for use in general grades of 
polyester. The clothes obtainable from the above -described 
fabric are comfortably wearable as they are unlikely to give 
a stiff texture to the wearer bending his or her elbows and 
knees, or spreading his or her arms. Therefore, the 
conjugate fiber of this invention is noticeably useful for 
outerwear, backing, sportswear and the like. 
[0019] 

[Modes for Carrying Out the Invention] 
The present invention will now be described in more 
detail and in conjunction with several examples. Various 
measurements given in these examples are those found by the 
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following methods . 

(1) Intrinsic Viscosity 

The intrinsic viscosity [ti] was counted from the 
following equation. 
[0020] 
[NF 1] 

[rj] = Ximl/(C x (ti, - 1) ) 

c— o 
[0021] 

In this equation, r\ r is the value expressed by dividing 
the viscosity at 35° C of a dilute solution of a polyester 
polymer, dissolved in o-chlorophenol of greater than 98% in 
purity, by the viscosity at the same temperature of the 
above solvent alone, r\ r being defined generally as the 
relative viscosity. C denotes the weight by gram of a 
solute in 100 ml of the above solution. 

(2) Melting Viscosity 

The value was found by determination under conditions 
of temperature: 290° C and shear rate: 7,780 cm" 1 and with use 
of a Capirograph device (Capirograph IB, manufactured by 
Toyo Seiki Co. ) . 

(3) Breaking Extension and Elastic Modulus 

The breaking extension and initial elastic modulus 
were determined under conditions of yarn length: 200 mm, 
tensile rate: 200 mm/min and N = 5 and by use of an 
autographic- recording tensile tester (manufactured by 



- 15 - 



Shimadzu Corp . ) - 

( 4 ) Crimp Count 

The crimp count was determined by applying a 2 mg/d 
tension to a yarn of about 20 cm in length treated at 130° C 
under relaxed dry-heated conditions and by counting the 
number of crimps per inch. 

(5) Dry-Heat Shrink 

A 1 m-long string was prepared with a yarn wound 10 
times, followed by determination of the initial length L0 of 
the string with a sinker of a preset weight attached to the 
string. The sinker weights were 5 mg/d and 50 mg/d. Dry 
heating was effected under sinker- loaded conditions and at 
130° C for 30 minutes, and the string was then let to stand 
overnight under normal conditions, followed by determination 
of the length L of the string thus treated under sinker- 
loaded conditions. The shrink of the string was calculated 
from the following equation. 

[0022] 

dry-heat shrink = (L0 - L)/L0 x 100(%) 

(6) Dye Absorption 

A test specimen was prepared from a squared knitted 
fabric formed of the polyester- type conjugate fiber. The 
specimen was scoured for 20 minutes in a hot water 
containing 2 g/liter of a Scour Roll 400 substance 
(manufactured by Kao Corp.) and maintained at 70° C, followed 
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by drying with a tumbler drier and by subsequent heat 
setting at 180° C for 30 seconds with a pin tenter. The dye 
absorption was evaluated by the value found after the 
specimen was exposed to a temperature rise of from 40° C to 
95° C and then let to stand as such for 1 hour. Dyeing was 
performed with a Kayalon Polyester Blue-3RSF dye 
(manufactured by Nippon Kayaku Co.) and under conditions of 
concentration: 6% by weight and bath ratio: 1 : 50. A 
dispersant was prepared by mixing 0.5 g/liter of a Nikka 
Sunsalt 7000 substance (manufactured by Nikka Kayaku Co.) 
with 0.25 ml/liter of acetic acid and 1 g/liter of sodium 
acetate and then by adjusting the mixture in its pH to 5. 
[0023] 

To determine the dye absorption, the absorbance x of a 
dyeing matrix and the absorbance y of a dyeing solution 
after dyeing were first measured with a spectrophotometer, 
and x and y were then substituted into the following 
equation. The absorbance was the value at 580 nm, the 
maximum absorption wavelength of the above dye . 

dye absorption = (x - y)/x x 100 (%) 

(7) Dyeing Fastness to Dry Cleaning 

The dyeing fastness to dry cleaning (DC) was evaluated 
from the squared knitted fabric used and dyed in item (6) 
above. The DC fastness was determined in accordance with 
JIS L-0860. 



- 17 - 



[0024] 

(8) Lengthwise Stretch of Fabric 
A woven fabric sized to be 20 cm and 20 cm was 
stretched lengthwise under conditions of stretch speed: 0.2 
mm/sec and stress: 500 g/cm and with a KES-FB1 device 
(manufactured by Kato Tech Co.). The lengthwise stretch S 
was determined from the following equation. 

S = (M - N/20) x 100 (%) 

In this equation/ M denotes the stretch length (cm) 
under a stress of 500 g/cm, and N denotes the initial length 
of a test fabric, i.e., 20 cm in the examples. 

[0025] 

[Example 1] 

Dimethyl terephthalate and 1 , 3 -propanediol were 
charged in a molar ratio of 1 : 2. Ester interchange was 
completed by the addition of titanium tetrabutoxide weighed 
to correspond in amount to 0.1% by weight of the dimethyl 
terephthalate and with a gradual temperature rise up to 
240° C. To the ester- interchanged product was further added 
titanium tetrabutoxide weighed equivalent to a 
stoichiometric amount of 0.1% by weight of the resulting 
polymer, and the mixture was reacted at 270° C for 3 hours. 
A polymer was thus obtained with an intrinsic viscosity of 
0.7. This polymer was cooled with water and then cut to 
chips, whereby a polytrimethylene terephthalate polymer (A) 
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was produced. The polymer (A) revealed a melting viscosity 
of 280 P at 290° C. 
[0026] 

In addition to the polymer (A) , a polyethylene 
terephthalate polymer (B) was produced by the conventional 
process. The polymer (B) revealed an intrinsic viscosity of 
0.5 and a melting viscosity of 630 P at 290° C. Both the 
polymer (A) and the polymer (B) were supplied to a composite 
spinning apparatus , followed by spinning in a ratio of 1 : 1 
and through a common spinneret and at a temperature of 290° C. 
A non-stretched 256 d/24 f yarn was thus obtained in which 
the two polymers were bonded to each other and in alignment . 
This non-stretched yarn was stretched at 80° C to provide a 
base yarn of the polyester- type conjugate fiber. The 
physical properties of the base yarn and the crimp and 
shrink characteristics of the dry-heated yarn are tabulated 
in Table 1 along with the dyeing characteristics . 

[0027] 

A woven fabric was formed from the base yarn thus 
obtained, which fabric was so structured as to have a 
longitudinal density of 100 plies/inch, a transverse density 
of 81 plies/inch, a substrate of 50 g/m 2 and a gray width of 
131.5 cm. This fabric was tentered, with a pin tenter, at a 
ratio of 15% with respect to the gray width at 190° C for 30 
seconds. Thereafter, scouring was effected at 130° C for 10 
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minutes in a solution composed of 2 g/liter of sodium 
carbonate and 2 g/liter of the Scour Roll substance as 
mentioned above and with a liquid dyeing machine. The 
physical properties of the resultant fabric are listed in 
Table 2 . 

[0028] 

[Comparative Example 1] 

In the same manner as in Example 1, composite spinning 
was performed to obtain a non- stretched yarn from a 
combination of a polyethylene terephthalate polymer (C) 
having a melting viscosity of 735 P and a polyethylene 
terephthalate polymer (D) having a melting viscosity of 220 
P, the polymers (C) and (D) being derived by conventional 
polymerization processes. The non-stretched yarn was 
stretched at a stretch ratio of 3 . 2 on a hot plate of 80° C, 
whereby a base yarn of 80 d/24 f was obtained. The physical 
properties of the base yarn are tabulated in Table 1. This 
comparative base yarn has been found to be crimpy with 26 
crests per inch, but devoid of crimps after dry heating 
under load. Further, the shrink is low under load. As in 
Example 1, a woven fabric was formed and then subjected to 
heat setting and scouring with the results listed in Table 2. 
The lengthwise stretch was too small to be stretchable. 
[0029] 

[Comparative Example 2] 
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A polytrimethylene terephthalate polymer (E) of as 
high an intrinsic viscosity as 1.3 was obtained by solid 
phase polymerization as was commonly accepted. The polymer 
(E) revealed a melting viscosity of 600 P. Then, a 
polyethylene terephthalate polymer (F) was formed with a 
melting viscosity of 630 P as in Comparative Example 1. The 
(E) and (F) polymers were subjected to composite spinning as 
in Example 1. followed by stretching at a ratio of 3 . 5 on a 
hot plate of 80° C. A base yarn of 80 d/ 24 f was thus 
obtained with the physical properties tabulated in Table 1. 
Crimping did not develop in the base yarn, but developed 
after dry heating of the base yarn at 130° C, notably with a 
higher elastic modulus than in Example 1. As was in Example 
1, a fabric was formed and examined with the results listed 
in Table 2. The lengthwise stretch was good but with 
grained surface and stiffened texture. 
[0030] 



[Table 1] 





Composite 
polymer 
(poise) 


Breaking 
extension 
of base 
yarn 
(%) 


Elastic 
modulus 
of base 
yarn 
(g/d) 


Crimp count 
(crest /inch) 


Dry-heating 
shrink 
(%) 


Dye 
absorption 
(%) 


DC 

fastness 
( rating) 


Base 
yarn 


After dry 
heating 


5mg/d 


50mg/d 


Ex. 1 


A 

(280) 


B 

(630) 


25 


40 


8 


20 


11 


6 


98.9 


3 


Comp. 
Ex. 1 


C 

(735) 


D 

( 220) 


30 


80 


26 


0 


8 


4 


99. 1 


4 


Comp. 
Ex. 2 


E 

(600) 


F 

(630) 


15 


60 


0 


30 


15 


10 


99.0 


3 
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[0031] 
[Table 2] 





Composite polymer 


Lengthwise 
stretch of fabric 
(%) 


Surface appearance of 
fabric 


Ex. 1 


A 


B 


12 


smooth 


Comp . Ex . 1 


C 


D 


7 


smooth 


Comp . Ex . 2 


E 


F 


6 


grained 



[0032] 

[Advantages] 

The polyester- type conjugate fiber of the present 
invention is capable of developing adequate crimping and 
shrinking upon heat treatment. This conjugate fiber 
provides a fabric which gives to the wearer a soft fluffy 
texture while maintaining surface smoothness and also 
affords a stretch of about 10%. Besides, the fabric is 
practically dyeable with disperse dyes. The clothes 
obtainable from the above-described fabric are comfortably 
wearable as they are unlikely to give a stiff texture to the 
wearer bending his or her elbows and knees, or spreading his 
or her arms . 

[0033] 

The polyester- type conjugate fiber of the present 
invention, therefore, is significantly useful for outerwear. 
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backing, sportswear and the like 



